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Fuel cells incorporating a novel ion-conducting 



membrane are disclosed. The membrane 
comprises a plurality of acid-stable polymer 
molecules each having at least one ion- 
conducting component covalently bonded to at 
least one flexible connecting component. The 
membrane has ion-conducting components of the 
polymer molecules ordered such that a plurality 
of continuous ion-conducting channels penetrate 
the membrane from a first face to a second face 
and such that the ion-conducting channels are 
situated in an elastic matrix formed by the flexible 
connecting components. A preferred membrane 
is obtained by (1) sulfonating SEBS with sulfur 
trioxide under conditions that result in greater 
than 25 mol % sulfonation and (2) heating the 
polymer. 
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RUi-SOsH, -P(0)(OR 8 )OB, R 9 -SO3 H$?t li — R 8 -P (0) (OR 8 ) OlHcfet^T R 8 1± 

m, n , p*3<fct/qt±O*fcl±50^?)lO.000$T©Sife-J?feS > fr£il#?£n 

KUHlC, Ktfyx^UVSfcfcitfy Ca-*^;l/X^UV) ##©IB*«X;l/* 

^l/XX^S^tiXyl/^^T'JfeStWT'^LTV^Ct^lfSlii-rSW^C) 
fEH4iB*S<DBIt 0 

6. »7^V n^h ij^-7^i/xy-xf l/y • ^-#>Jt- (abs 

(a) ^^nax^i//i/^D'N4 1 -9'V80/204'lC3.6S«<DX^U'> ( 
x^ uy-7f l/y) -xfby h y yu >y ^#fi£-{*£-g-t?3 - 4 mm%®W. 
x fe<fctf>^nnx* v*fci|Q3.6SS©=ISffcfiig|*$ty 3- 4 fiS%jSfS* 

, ^^nax^v^tci^i ilou ^i6hyx^;i/^r&tfo.6«fi%^ic-5°C 
TbSOiCTAo^. ; 

(b) -5-C7!;MO°CT*157bM30^K. ^T'gfiT*8 75Sl4B$fflJ«#l, 

(c) ^fei:*5S-e$<j80iCT'307bS40^KAnl^L ; 

( d ) 40"C T* i? >? u a x # y *j <fc 0= i/ a^-y- y £Hfg£ -^T^SIjS: m 
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8. ixfi/y- -xfuyhy7D7^j«^«: 

9. K^25*;l/%t(±X;l/^Vft?nfc i &<O^SW^(DI6H7fe®€)iS 

10. Ti3cfct)*s^»?s : ( a ) t®j&(Dmmijbm.8%3m<z>^-?itifr(Dm 
; (b) KKk:»«i-rsjs i *3<j:t?^2<DWji-rs«®; (c) wmiwrncm 

11. ^Sgl TbMJg 2 l •O^M^fii^.t K>mi£2 n. b T^BltfKS 
Sfc»LIS-&W4: LT«S^-rs»*©^H l OfE«€TO«»o 

«U ^3<fct>*aS^:S«««f{c=^{t:eSfl©i$tI0.97iM3.6^fi^Cf)8^, 
JSJSWc U h U x^;l/<Diifto.3fr Sifti .2^*^tf^cfilc - 5 °C7!;M0 °C 
T'Anx. ; 

(b) -5t:7iMO < Cli:T107!>M30^ #^T^StT8 75Ml4l$W8i#! 

L ; 



(c) ^fe-TSST^soiCTito^L ; 

( d ) 15 a $ T»K«i@es -a- ; 
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(e) m&*mmm$icmt>^im*3iK&&o icnmai, ; fit 

(f) ftwmz&m±teimLT, mmmm^^r^ 

1 3. I' V^W#Uv-tf&¥J3#^S50, 000^^5 (x 

So 

1 4. KM^40t;l/%JW±X;l/4-s>ft?nTt/-Stl*oD®Hl 2fB®<D^ffi 0 
l 5 . JWT© igfr £ & 3 W*©®h i 2 fB«©:£r£ ; 

x^ Ui/- uy) -Xfbyh'j :/p -y ^ftfi-^ft^r-^tf 3 - 4 mm%®ffi. 

x ^^anx^vetilc^l HJx^^tfo.6fiS%?g^c- 5 1 

7!;3go"c-ran* ; 

(b) -5t:;p/Mo°cTi57i>M3o#ii8, ^vmu-v snmummtrnv 

(c) ^fe^*S$T*«J80 o CT'307!)M40^ra*n^L ; 

( d ) 40°CT->*^ a ax z/Js <£ t>*-> ^ n^v^-tf- y^IiSttttil^i 
fe©&&*ff ; 

( e ) Wiffi%:m&<OM.ft%:i?Z ddiJi ^/~>^a^-y-V80/20cf (eff 
S&SLT 8 75MlOSa%<Di$-£®il&S:if ; *5<fctf 

(f) mmm*tmi&±ici8giLTmtt&fifr%<, 

SEBS) ©X^^-r^yv-W^jfi^Stc^v^T^ SEBS©#ftTT^*TSH 

17. «T<fct>*-5TO-tr;l/ : (a) W^OffiH 1 7IfM8ie«03^-f n^WBI 
: (b) gMfc^-rsmife.l:tf^2©5»fj5:-rsWS; (c) m-irMCTk^m 
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is. mm i nmm z mm® 1 ojwwhshpj: k> mm* *u =t Lrmmtmn 
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Citt4l^T, i»#¥©»^IB#|Waflr©**J (power) 28£yp 
■bXJ;»)t«»T*V. MHfitt, -f*ye*W (ion-conducting 

membrane) (CJ; oTfrgiStVfc Z^XD^^MM (electric electrode) 

otvvb. mnux attx.it. *x> B-Aomw^tyfcjtu ^©zkig 
* v« c vmttmm l T** u m3<»mv>$mx>wm-<*^£w&& (re 

combine) tS„ SStttf— ^©«fifcb^flfi^r©tBffifcJfSSn*lttltf . «{£©*§ 

* (potential garadient) ttzK*^* :/©!£»£#£?- 3 «fc "5 tCffl< . — #© 
TO^e.fifi77<Ott®^gP©fi# (external load) fcjILTVK CyfrOMfti* 

#x©n*«»r-r 

• «WWfiOWSfc43t-«T, Wfc» tttt««#Rttft (membranematerial) £SK 
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■V y 7i;l/ F foR}W%.ik¥1&M (wi lson and Cottsfeld J^. AFP 1 .Elector oche 
5L_22, 1-7 (1992) ) #SSG „ UnX, *&ll!«)gttfci N 5RfgfcJ8«fc8MT, 

T\ xasHV t7a> (Dupont Nafron) (Oi^^^^C^o^ft^nfc^y 

<DgBg«ffl«u «fJW9fc»*««a<a:SJ:^te&a*i»±»-rSo Scot, 

HUt£:i— Vincent. C.A.. Polymer Electrolyte 

Reviews I ,1987 #51) „ BEJOOjRy T— «\ -i JtXHSrr 3 fci6©X {fc 
#U X*U:/JcOvVCBE3il©&kfr&frrs©-C. ^©*^#tf X;l/*v{fc;;l?y X 

^tcfe, ^«ilt*<, isfin:x7p*yfl:?n7£^ux^ixvi±«sa?ao 

*H#fFS|l4,849,3li*§l±. ^«»)K*M3g-rsfca&Jc^FL1tj}?yv--7 h 

•j v *x»c-f *vew#y ^-T^-g-rs c twtstts^ui,^. u 

'^ w fS'a# (ion -conducting polymer composite material) i^^USt^ 
*H^ffF^3,577,357^ (?-i winkler) X/l/*^{fc# 'J \Z=-)X>J5 
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nfc comm. zrcMcmGmT'mmzti. ~>?ckv* 

y-T^Gay et al (Macromolecular) 21, 392-397 (1988) ] «, -Y* 

yE#iyf-ff-f^ LlCFaSOsiSt^tttSn, FU7n'^«l^©7^ 

fT«^2tlft*'J (X^UV jJ-^-f K) €/^f/H-f;l/ (mPEG) 

-*j*s£Ux.*u> **-y--r ^fi^tsix-t^'j ^y-^agara* 

«ffi<9RSK©£fi5tc:j3^T, *B#tt^5,091.275tf#JIIL;fc<fc-5lc, ^L§3 
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w-dx. &ffix\ mum*. itmmte&js.&'ft^mMmtf'&mt-zti 
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R 7 t±-S0aH, -P(0)(0R 8 )OH, R 9 -S0sB*fcl±-R 9 -P(0) (0R8)0H{C*5V^RHi 
m, n , pfeiO'q liO Sfca50^e>10,000$T*€>SiS:TSS„ 

ffiOfrfflftMtt^ 7^Jna h 'J;P-7^-7iV-Xf l/y3itttt^ X 

o 

(a) 3.6Stoxfl/y- (xfi/y-7fl/y) -Xfl/yhV7D 

%) fe«fcO t *U3.6a«©=»ftBfSI*-3-Wrs^^onx»v<0»?K (0.6fiS% 
) IIO h >Jif l/y*X7i- h*^»t5^aai^ygfiji (o.6 

(b> -s^Mo-cT'isTisso^M, m^T<mr&x*8n^.umm9m?% 
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(c) m&£&%£r*mox;T>3onm4oftMtim?2> ; 

#m&mt. HS[ ;s Fi^-?SA^50,OOOT-fe-3Tfe<l;<, $fc. COM)7D»^ 
fMfcfe^T. *SWI*35?OfcO*Wf S«R«fiteWr* : (a) i?iife<D§i 

; (b) mtmmu m.^i£B*m&uomiwmt3J:zfm2wm; (c) mi a 
*»ws#B*:iirr* : 
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(b) -5r7^O^T*157!>S30#ia, J^T^S^ 8ftMl4B#[IMg#?- 

s ; 

(c) afe-ra*-ett8o < c-eft9ft , rs ; 

(d) »«*II5B**T«HIE*#S 0 ; 

( e ) mm*mm&mMmmicimmz#Tt^*mmm%:mz> ; t>- 

( f ) W±teiMK*TWfl5fcSSa» So Mffi 

(a) m.&m(DX?-u^- (xfi/y-^fl/y) -Xfl/yhy^ 
n y irptm&W&tttZi?? anx^ >80/5/ > P*\*-*f V20i§?8 C 3 - 4 S 
S%) feJ:tf3.6S«OH»ffcSW^^TS^^nnx*y<3!)»« (0.6fiS% 
) 4»1 SIO hyxf Uy*X7x--htt»f 8^npx>vi«|| (0.6 
SS%) tc-5°cjilot:T*t^; 

(b) -5T75SOt;Ti57IrS3()$Jfl& «Hr^T*«T8 75Sl4WNBIIH¥ , r 

S ; 

(c) i^taS*T»*980^T307bS40»|fflftrt»'r* ; 

(d) 40t:^^npx^vfeJ;lf^^a^*V*3l»*-e:Ttt«I*«l 

c f ) mtt±teftWL*&Tm*&tii*?Zo 

yhy^ny^ftl** (SEBS) <DX;l/*:/»>r:jV^— ICHU SEBSO^ftT 
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isfn&i&a (4>&<t 

Lfc«!«2©*«y Yy-tttMlfr? SBI^tt^fet), COffi«2(i, BgfiD-ffifr 
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[ (A) n (B) o] p(D£5*nm&&lc£%mmzte'£TZ><l ttfTZ 
Z> 0 A<DnmmtB<DmmtiLt&m&<§rLT^Z> (p&ffiTT'&S) . l« 

fc> #<DBW«&^«\ r<0^* (Bernoullian) (£/ckt*t? n-0g 

m<D^)Vay^M (Markov) ) C <D # U V— fci :/ ^ A^M^Tfe 3 

(Odian. G . N Principles of Polymerization, 1992) #Bg) 0 LfrLft 
#6, felt, A¥ffi**tfB*ffiO^Jtf^l/^->fO»*J^(0feO (fcfc 

aart"*cfcfl«jfSL^) *wisuT(/>s*&tt, -AB-oB^icjs^Tpia 

ftB(4Atfj»»3<ShS* , PAm, fUB^M^ CijWSUO 
*»JBBLT^S*2eD*fr&tt, 2O<0/jga\ A*5<fctfB, frS/£t>fi:^T^S. 
*LTA<On#fitiB(Om#ffitC (junction point) (p=l) 

#«RHrdLTVS. *LTcn60j«»SO^|0*4ra:^n^^ (block) £ 
*S*U #y^lty7nyjr (dibiock) «sd»t»sna 0 Hfltlc. feb 
AOn#ffiOS3i07ny?tfB-7Dy^S208Wi (p = 2) Tfcfr&L 
T^SftStf <*l/CH*c, t)LB©m#ffi^AfclS-&LT^S*6tf) . * 

fcLB^m¥ffiOBB5U^n#ffi© A Office, BflDm#ffi<DEJIJk:»oT 1 Ji 
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£ (multi) ynyirtfy?-, C<llCi3^TplAp+ lVayflctttZte 

^©&t*&3, iz*tiig£-ti6mT'*^ii%i^m.m-7vv? (star block) n 

So* CCJC43^Tp«17^M ; etlJ^±<O^^T-^LT^5ja (arm) <D 

LT*5 1) , fLt^< (O^ilgbST'X ^ U>*5 .fctfT' * y n - h- y 
;l/*{fit©«SWWE5iJ*<ffigLTl>S (EP^SSfrW/^? b) „ 

£-&T*& 0, lC fc&t^TX/l/* vffcx?- l^^n >y ^ i± S?x ^SKc&oTc: 

CtlStetSffiM (topological arrangements) <D5^ OXf L/> 



^fflox^^vfktiWTfcfa-rs^&^j: oa^c-rs c # y x^ 

A^75«^te,nT^.5„ Hfc«fit?t±, &<(»um>mmk&m (complex) 

, GtRtfHIfcft— 'JX yytMlif^ *5J:tf h-yx (2-x*-;l/*v*-5/;I/ 
(DUmcfr £>ti% <}; y & «); y <k (^X^jfcvfb**. ft £-T c i: tf^StiT^S. 
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stTZo ±mjtt<D±rimmtruMmm (mitt, u 2-^ddx$ 

5 c t lc <fc -d T <fc < »-5 c £ * 3 „ 

&2-&%><ltt>T>%% 0 -1'3t->5^*fct±A0*^^foT4?U-^-©7a 
£9fct£nT^£t^ tf'JX^UVOsfcXJhV&ffc; (phosphonatlon) l±-f 

#A2ft3„ 

*^©a^©fcii)(c, 5rtg*^^>'e#14S^tt-S03H-feJ;t>*P(0) (0R»)0H 
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^xg^iajstciiaLTi^o tf^xe&aa G&s^i±Tg) j±m<o^« 

± (IP^Tg+50) TH±i«t±TgJ.XT (IP^Tg-50) «fe 0 t * D»»tt*JfrPi 
£F£ L^ffiftJgiH{b&f» (saturated origin) <D7 U^^-/;l/^:^Sl±«T 
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SLt^gSfiJ&agffra^l (unsaturated origin) <D7 M^TVl/ftlg-^jSti 

CH,CH=C-CH a 



cent. R 5 li7k^ i&m£Tcl±mkT>\<'*)W&Z, RStfHOtfr. ^©Mig 
l±#L) (1, 4-7*^x>/) ; Rs^ciOt*. ^©StitlitfV C^a 

7u» r**So *y C^*s?x» , #y (^dd71/» , #y ( K 4- 

% -o 1tM<D 1 , 2 S&flc##&T 5 d t fcS«*btfa ^ * v\ 

^TT'S -a T l±fc 5 -T. « fejf S L < «50 , 000 g <fc t> ^ S < ^tttlff & 
5&t/\, ®#25-1000Mm, $?$ L<« 100- 500 /i m, ^ LTSfe^S L < l±25 
0-350/tmT% S*fc3iT«*T»*S^»aflW|«rtS^tt*#A % f»B#tefF^ 

BBoatia^ *^ess^{±^ < £ t, io«, »si< < t io- 2 s /cm-??* 
* < £ t>io 4 -?-LTflit>{!f$ u < < £ t io 6 *- i»-c.i»*w-ntfa e>&^ 

##fSB±l¥iai5tfc: «fc D S"J« Lfc £ £ 3 T'li. Bgfct 10712150%©IHU L 
< ti307!(Sl00%OK, * LTSfc»$ L < «5071)S80«S%7k^«Ri|X L&ttn 
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£ ft fc <fc ? ^«S(<0gfl!l! * ^e«®®t A> £ ftT t, > 3 . Cft t> ©ScD«jg 

«^-ri?i?.ftfcStott«^f**s^-rs c £ #u* s 0 

rfj|6£ftTI,^X?- l^>-^X>fe«fct;x^l^>-*^ft^xy r- U T'n -y ? 
S*^^?,^SLfct^@SSftfcFg®S^(7)ffi« (domain) * 

'JX^uvcDP3iSt±x;i/*vfb^ct,i±-3*i?i«^ftSo cti^oxfuy 

^#<£>P3©^W±, Sfctftiii (grainy structure) ^ICSl^lCW fc— JIJlCM^. 
ftTI/^c 

^<o <fc &P3ISS#£3i%S©ig^j (&Hfg« R£ If Eittftltc «fc 0 #St 
SftT^S) tt^eWttTfcSCfcfl^WSftTlryfc. LfrU 8^<0lgJlfc:<fc 

X percolation) ^-T^^^^ftS <fc t> SflV 
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(HIPS) WftSo hit&ft&T^hzs-trtlx.^/V'r bl/W&M 

TfMlttn** 5. «<K©&&£lST-X;l/*v{t;X^ U V-7kSi{t::7* ^xv^fi-g- 

; e/^-«IS*f^Mffli , rs<itKJ;0. ft^oiSo r*bL0? (biockt 
ness) j ^^Sffc^WSSafflStig^U Xfl/yOZ7 h«D^^E?iJ^e>ti 

teX/l^^ftLfci:^ (organizing into) C ttfi'Vg 

i7Xh?-> W*(f7'?ynxHJ;l/-:7*2>x:/-X?-U> (ABS) , 7 
-v>x> (EPDN) #V-?—<Dffl5£lt. &LCn£©#VV-<DJgJ&b<Xrt/*Wt 

^tt^^S^^xvWteT'&Stf, Xfbya^'v r-tDXrt/d^fblc^t/vr 
v'x^oa^TK^fk^mfc^^ y*/Wi**S. 

ACStiABSt|5j«07j}*T^?nSc ^IcSSLTT'? U nx MJ/l/-X^U 
V^77 h^rO< S-a^^A-rS^fetc^aMt^Ux^U^ogB^Wfltt 
/NayvfbTK^fr^ciitc^DSiit^tis ; ^-LTx^-i^>'aL->^ h#x;i/* 



(22) 
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w pressure clamping cell) f&tK S£tf[^t£i&&#-x— ^jfei&Sfta&teffi 
^?Lffi*l^«1M CSft*tp20%Pt) iiitxl/^ hn^Att (Elect 
rochem, Inc., Woburn, HA) <fc t> ntc t>©T'SSo ^Sg{C{±^?>*gp^tc 1 
mg/cm 2 T'a^S«LTfet). "f^*;/ (Nafion) U7%/\J £LT& 
MLfc (Gottesfeld, S. and Wilson,M.S., J. Appl. Electrochem., 22, 1, 19 

92^r#M) c rumvfcmto&vwimrfx 

**DE*fcttftJiB-a-r»C«fflUfc 8 £Htti£fi (23°C) "Tfrofc. 

I'^Ve^SlJStiv' 3.^^71/^-. ^VX7;Wyyt (Schlumberger I 
nstruments. Inc., Burlington, MA) ©1260l'>tf — 5? 1/ XT j- "7 T*¥fr3 

nms.^mmvfc a mm<Dm^mit50mHznmiMH Z T&^rc o ^livmcen 

t, C.A., polymer Electrolyte Reviews 1 , 1987!gf(<D&© fclfMfT'fe&o JWT 
Nafion 1170«ma»jHE (J±8) 

Nafion 117^«-ra3K>1:± (Dupont, Wilmington, DE) fr£>&ftL, ^<D£3: 

ffifflbfc. ^e*ici®rasfflb^, ^*z/temee&m&Ltttcz, 5x10 

- 7 S/We&oTco tlfJPW&llgNC&t^T, Nafionli, <gJEET' 2 0«D^?Lttj^* 
(Electrochem Inc., Woburn, MA) ©ISSOW&LTJfrST/Co #e^®fS 
t±¥®Wc lmg/cm 2 0&^a^fcBj>3ii*n/cNafion 117*#LTt/^c 0 Nafio 

nH*iCl^Mti:30^H^e*ti:g^L/'c„ c «Dj|$BS»tt$S8$W G»io#) 400m 

ufeci:{cj:t}^£025^c^feoT^?n/-c <) co«pmo»fc, wmim^ 
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#ffi&£^x -y Stable ftMLfcmc, 

m 

x h^xh^i/i>-7V8.68g (o.o42-e;L/) ^An^fco 7i-;i/ h 

!)Xh^»7> (PTES) 51.76g (0.215*;!/) *iia%., fLTi*x^/-;P 
11.50g (0.25*71/) fctatfCo m^mmm (70.6««%) 17. 5g (0.28*71/ 

2. ^TL^UX^Ui/^ (Evanite Fiber Corp., Corvalis, OR) : 

^41© (MIBUfc) fSttSr^tf^X^ggg (M;Ui9gR#ffC>:tf^X) 

:/T*-P3Lfc 0 10!lTHi, X-tf/^ffcPTES (XS4^#M) £rC<D©PgT\ ^jf 
^ (1137) X^l/^Vfb-rS^tKc, ^L^o 

3. ~>^>-&*fK<9X7l/*:/{fc : 

X7l/JfcV{fcfciu ~>^>'^ail*60-70 o ClcAtI^Ufcjge^ (97fiS%) tcg'T 

^itmimklcm LfcfSWfc: .fc «9 n > h a-;l/ Lfc (««13 0») „ 

4. ^i-rt/h'jxh+^y (PTES) <7>X7l/#:/{fc : 

hv^r>wym-=m<tffimm&fo d : 3) ^H.94 g (o.ios*;i/) *e» 

^^^a') KloomUciSBgU ?8^£a*LooB&ttgStaW^fiD§£t£25 
OmlH'yn^iS^XnlcPTES 25.88 g (0. 108*;1/) ^tM^U^a >J K2 
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Ste-2t:aTfc3o#w«t>fc. ^TfiiSB*s» (23*c) kslt-c„ jg^o 

ftEZXfr^fcmsfrZm^lto B'Jlc, x;l/*>ftPTESfc3&»*T«6lfl:-&*2 

- (4-^DDX;l/tol/7i-;l') X^;l>MJ>C (Huls, Piscat 

away, NJ) SrffifflLfCo «fcK*«»*te« , rC£te*oT«*^L;fc. 
5 . dW^&ci^ : 

rnKWofi (sandwiched) . V{tlgti:i|fl30#fH£5g L fc«M (4m A/cm 

«W««EtfFl/»»ft. i^ofr©*Rfc:*5^T, M£*JR#MBttlcK£ 

unsightly hole) tffe < Jg* t &ofc 0 

gj|3 

1. X^l^y- U» -T^l^y- hU^ay^l^ (SE 

BS) ti->x;Ht¥tt (Shell Chemical Co., Lisle, IL) frSftTc: (jgS^Krato 
n) „ SEBS«a^3.8fia%^l , (DCE) 80M«%i:S/^ 

feMmmmT<Dtts*)T*2o2> •■ hvzruy^nm^mwg (o.o3*;k 3. 

lgXf-UV) £DCE 200gtCjtox.2-4^Hii-a-Lfto SofcSli®&tff# Sftfc 
o ^*Mi6SC^fcJ;»3, ^#feLfc^U^r-)§^500ml«T«^}c@;L 

fco 

Hg^ffcJSifM (SOs) ^}S14>?fX^yD-^/^);^«4JT*^^X^#§lcfft)»tt 
fc. DCEt£S(h 3 . 4fiS% L fc 0 SOs (»jS17'C) S$2.34g (0.03-£rt/) 
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yijxm&n/mmu. m^y^- (on bubbler). , 2~2<otuvymw. 

43 <fc 2 O ©rSTif b 
DCE262g43«J;t;hU^;l'U>'S!1.5g (0.0082*;k 3.6 : ISOa) ££fgg§{C 

t/^T'-Z'ClC^Ufc,, SOs 

jSSS (aliquot size) (BA^SOs JCO^Tli 4 - 5 ml) 
fi(D*J<fc^-l/12-Cfe-3fcc ^-©aa**S03fc:oi,'>Tt±5^M£t±ft»»T, * L 
T#y T— iCOVTtt 5 — 10#J£UiJWtTW>o < t3*Dxfc„ l^J&^Rgft^fxO 
MttU -5 -01C (&ffc-2t;) OSSIBHs *«ttf»b«f4llff*KlW«»Uft 

SSfcLfco CO«W<0»bt)te, j^a^XSJUfcHffiU ft (orifices) 

*— aHB**«W-, SfifcRLfc (20-25X0 o 

-^u-x/^u-*-t?4ot:T«iiu «tto«**feo*«*«»6n**T 

aWWSaeSM&fTofc. KittOlKfC«DCEt96Zg C3-5M%tS?re^ 
T»**) MSWBLfc. «ffl|oBfc^BoyyWSfei;*s-e (*«J8 -l0SS%i§ 

©»^»tSt^»e.nS*T'^tC<tt»®!SLfc (43<i:^80%DCE) „ 

-c;i/A) «7c<Dft5<Dioo%aif 
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c <D# U t— tis X^ U->^U:3S^\T50^;l/%X;l/*:y^T*;fc-D 

# U ^rSJfi-TS ft J6»c 5fc© T'a -fex tt»gfc:JI ?L Z 2 -o(D<ftWL& 

: 

(2) X)v*z/{tLrcmcxfr*isi\M&vazto%i-rz>£ t, 
x)i7t^mj&mm(Dimit, mK^mt^ct^X'^^^WLi^ (5-10 

OX;l/^V{fcSjSaStJ1.5B#K-3°CT'M^^nSo Winkler©^ (3K@#fFSg3 
,577.357^) THi, X;V*yfb«l .5^KfTt5tlfc*^ L*^ L60t:tC*5^TT'a& 
ofc. LfrU *HWfF^5,239,010^(Oa:t2fi»l»Cf3*5tlT^5<J;^»C, Winkl 
erCO^rfefCfcoT. ft^ftio*;l/%<ox;i/*;>'ft:Lfc^V -r-*W?>tift©T*fe 
oft, *<0&oftm<»7mMim5%-T:$>')Tz„ C 

2. X;l/*y{fcSEBS©j&*«ffi»S : 

ic-rsftfecoa^^-fe^ffl^jiTsotcffiffl-rs^fejgaLr^s. anew 
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tin*., ^-LTyDh^ti^iiLT^tcgnd-rsjc^fctTn^ mt%ic£.-?& 
mm^nm^m 2 m^To ^n«> -<*^mmmi 0, mt&wmi k m 

-fb^HJgS*^T^e *t±WSl 1 titj^St^^ fLT-7^;t/Fl 2* 
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FIG. 1 
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FIG. 2 




# 



1 0-503788 



i^wmmwi #fft£tg i s 4 8 



[ffittJB] 1 9 9 6^7% 1 1 B 



CH 2 C 



Ar 




CC*C R 1 x R 2 . Rs^tfRni, 7km, 7 x.~>ViD&V{&mT?V*)Vfr£>%:&M 

R'te-SOaH, -PCOHOR^OH, R 9 -S03H^fcli-R 9 -P(0)(OR 8 )OHlC*3l/^TR 8 ^7f< 

m, n , pW:O$fcte;50fr£l0,0003:T<D^ ; 
qfc* 1 fr£lO,000<D3Ii& ; ^LT 

<Dffito 

5. 7U*s/^Mt*j«5>««*u (xfi/v-7fM fe^rfapy (x^ 
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mm L/T 8 7!iMioaa%©^-*®p^# ; *5 .tr; 

( f ) ®8KK*3«±»CJ£3! LTH*^-rs e 
1 6. X^l^y- (x^l^-T^Uy) -7><f-l>l/hV 7V ( 
SEBS) eD;Ob*i/SK*yv-©g)t7^lC:fc^T, SEBSO^TT^fiR-TSH 

o 

l 7 . J.3TFJ: *) ftSWB'feA' : ( a ) m&omm l 75M 8 !B*©uvrn*p©K 

; (b) $mtimtzKiisjium2(Dittirr&nm ; (c) K-t/ufc*«« 
is. gat i ftMfg 2 wd i -Difimm^ja *> i^n, *itkmwk« 
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